INTRODUCTION
Human myeloma (M) proteins in whole serum are generally detected by electrophoresis on cellulose acetate membranes (CAE) or agarose gels (AGE), which are currently used in most clinical laboratories, and which are utilized as a qualitative screening method of serum proteins. These electrophoretic techniques separate serum proteins into five or more zones. M proteins can be identified by the presence of certain peaks within zones other than the albumin (Alb) zone. This detection is possible because of the uniformity in the charge of the M proteins compared with the large charge heterogeneity of immunoglobulins (Igs) from a healthy subject. Thus, the chief aim of CAE and AGE screening is to find M proteins. However, a great amount of experience is required to distinguish small amounts of M proteins from individual protein bands either on the supporting materials or in their densitometric patterns. Human M proteins are known to show microheterogeneity due to heavy (H) and/or light (L) chains that result in a difference in charge (pI), and which can be recognized by two-dimensional polyacrylamide gel electrophoresis (2D-PAGE).1-3) This type of heterogeneity is also observed in both H and L chains of the monoclonal antibody.4) Capillary zone electrophoresis (CZE) can detect M proteins5-8) with a resolution as high as that of CAE and AGE. In addition, CZE combined with immunosuraction, termed IS-CE, is replacing the current methods for M-protein typing.9-13) However, like CAE and AGE, CZE that uses an uncoated capillary and a buffer far from the physiological pH (around pH 10) cannot separate M proteins into electrophoretic isoforms that vary in the content of carbohydrate and sialic acid, or vary in post-translational modification at glutamine or asparagine residues. In contrast, CZE with a coated capillary performed at a neutral pH range can resolve proteins into individual isoforms or sub-species.14-17) This type of CZE is thus likely to distinguish the charge heterogeneity of M proteins in their intact form, and avoid artifacts that are induced by such chemicals as ampholytes and urea that are used in isoelectric focusing. This study was conducted to reliably identify M proteins in human whole serum by CZE with a linear polyacrylamide-coated capillary.
The CZE system allowed for the reliable detection of a small amount of M proteins, and the clear distinction of monoclonal Igs from polyclonal ones, and also raised the possibility that it could be used to distinguish between IgG and IgA M proteins.
MATERIALS AND METHODS

Materials
Aliquots All other chemicals used were of guaranteed grade, and purchased from Wako. HiTrap blue column (1ml) was obtained from Pharmacia Biotech (Tokyo, Japan). Ultrafree-C3LGC filtration tubes (nominal Mr cut-off, 10kDa) were obtained from Millipore (Tokyo, Japan). Fused-silica capillary tubing (75mm ID; 375mm OD) was obtained from Otsuka Electronics Co. (Hirakata, Japan). CAE Proteins in whole serum were analyzed in 60mM barbital buffer (pH 8.6) with an AES cellulose acetate electrophoresis system (Olympus Optical Co., Tokyo, Japan) according to the manufacturer's instructions. The separated proteins were stained with Ponceau 3R and the band density was scanned at 505nm. Preparation of albumin-depleted serum A HiTrap Blue column was equilibrated with 0.1M HEPES-Tris containing 0.3M NaCl (pH 7.4) at a flow rate of 2ml/min.
Aliquots of whole serum (25ml) were applied, and washed out with the buffer used for the equilibration.
The eluates were monitored at 280nm using a Bio UV monitor AC-500 (ATTO Co., Tokyo, Japan). The eluate containing almost all the globulins was collected, concentrated and desalted with an Ultrafree filtration tube (10kDa cut-off). Finally, the solution volume was adjusted to 50ml with 10mM HEPESTris (pH 7.4). The solutions thus obtained were used as samples for CZE and 2 D-SDS-PAGE, or in some cases,
CZE
CZE was performed on a Quanta 4000 capillary electrophoresis system (Nikon Waters, Tokyo, Japan). The electrophoresis was carried out using a linear polyacrylamide coated capillary (33cm total length, 25 cm effective length) at a constant voltage of -10kV
HEPES-Tris (pH 7.4) or 0.1M CHES-Tris (pH 9.0). The capillary inner surface was coated with 7% linear polyacrylamide as described previously.16) The samples, whole serum and albumin-depleted serum, were introduced from the cathode end of the capillary by gravity. Electropherograms were recorded at 214mm.
2D-SDS-PAGE
Laemmli-type SDS-PAGE18) was used to evaluate the constituent components of Igs present in the albumindepleted serum. SDS-PAGE in the first-dimension was performed under non-reducing conditions using gels of 6% T-2.7% C at a constant 100V and at ambient temperature. Aliquots of the albumin-depleted serum preparation of SDS at 1% (w/v), and then resolved. Sera from five patients with Ig abnormalities, whose classes and types were identified by AGE with immunofixation or western blotting (data not shown), and sera from one healthy subject were used. First, albumin was removed from the serum by a HiTrap Blue column to prevent Igs migration disruption.
2) The electropherograms of the six albumin-depleted serum preparations varied considerably (Fig. 1 ). There were great differences in the peak profiles in the zone following the transferrin (TF) peak (wedges) among the serum preparations from the five patients (a-e), while the healthy preparation (f) showed no peaks in that zone. Two of the serum preparations, those from the around the TF peak (wedge). The profile of this peak was very different from those obtained from the patients with each of the single M proteins (Fig. 1 a, b, and d) . Figure 2 shows the CZE electropherograms of preparations of whole serum. While the large peak of serum antitrypsin (AT) peak (left wedges, Fig. 2 a-f) , the albumin peak did not reduce the resolution of M proteins that migrated after the TF peak (right wedges). Thus, the presence of albumin does not interfere with the detection of M proteins. CZE at pH 9.0 detected with CZE at pH 7.4 ( Figs. 1 c and 2 c) , was further analyzed. When the running buffer was changed to 0.1M CHES-Tris (pH 9.0), the M protein was found to separate into several peaks with leading shoulders (Fig. 3 a, migration time 10-20min) .
Under the same conditions, no peaks appeared in the zone in which the These methods commonly show only one peak for a single class of M protein, as shown in Fig. 2 (insets) . The charge heterogeneity of M proteins in the H and/or L chains can usually be detected in the denatured form by 2D-PAGE.1-3) In contrast, the CZE system was able to detect the heterogeneity of M proteins in their intact form (Figs. 1-3) , and avoid the possibility of charge difference that might occur when the proteins are denatured with chemicals.
Manabe et al., 19) in attempting to avoid artifacts during analysis, successfully separated myeloma (M) proteins into several peaks in their intact forms by capillary isoelectric focusing with a polyacrylamide-coated capillary. These results recognize that the coated capillary is the important component of a CZE system for analyzing M protein micro-heterogeneity.
Instead of a bare capillary, which is commonly used in CZE analysis of serum proteins,5-13) a linear polyacrylamide-coated capillary was used. This was done because the coating of the capillary surface can significantly improve protein resolution in a neutral pH range by the suppression of protein adsorption.20) Moreover, proteins that have a slight difference in charge due to different amino acid substitution will be separated most effectively at a neutral pH. 16, 17) As expected, the CZE system performed at pH 7.4 was able to detect the M proteins and the increased polyclonal Igs with a variety of peak profiles (Figs. 1 and 2), although it required restricting subjects within Igs in healthy serum did not appear within the first 30 min (Figs. 1 f, 2 f and 3 b) . This means that the CZE system permits the detection of M proteins, as well as increased polyclonal Igs, in an empty zone, while CAE (Fig. 2, insets) , AGE and CZE with an uncoated capillary can detect them only in a zone in which many proteins migrate.
It is thus apparent that CZE in a linear polyacrylamide-coated capillary surpasses the other methods in the reliability of M proteins detection, especially in their subtle abnormalities ( Fig. 2 d and e) . The electropherograms shown in Figs. 1 and 2 clearly show that the CZE system is capable of discriminating (i) monoclonal Igs from polyclonal ones, (ii) IgG from IgA M proteins, and (iii) isoforms of IgG M proteins due to small differences in charge. ed to their individual isoforms, while the zone broadenings, which are characteristic of the IgA M proteins and the increased polyclonal IgA (Fig. 1 a, d , and e), arise from the coexistence of the various oligomeric IgAs that gained a large charge heterogeneity with random crosslinking of monomer IgA molecules. Thus, it seems that the spike-like peaks ( Fig. 1 a and d) reflect the isoforms as IgA monomer components.
In conclusion, the series of peaks and spikes, which appear only in preparations containing M proteins, make it possible to determine effectively, simply, and reliably whether they are monoclonal or polyclonal Igs, and also whether they are IgG or IgA M proteins.
Removal of serum albumin, although it was necessary ilies,11) was unnecessary to identify the M proteins.
Application of CZE to the analysis of whole serum is suitable in clinical diagnoses that require a rapid analysis. In addition, this CZE system appears to be applicable to the investigation of the glycoform of mono- 
